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| INTRODUCTION
Salivary gland tumours are a large group of tumours that are highly diverse and heterogeneous. The 2015 WHO classification described 12 types of benign tumours and 24 types of malignant tumours. 1 Before surgical resection, salivary gland fine needle aspiration (FNA), a method that is easy to perform and is well-tolerated by patients, enables good evaluation of most tumours. However, it represents one of the most challenging cytological fields because of the high diversity of tumours and their abilities to display cystic change.
Indeed, the sensitivity of salivary gland FNA ranges from 66% to 90% and specificity from 86% to 98%. [2] [3] [4] [5] [6] [7] In two trained groups of cytologists, cytological and histological diagnoses of malignant tumours were concordant in 80% and 88.8% of cases and cytological and histological diagnoses of benign tumours were concordant in 95.6% and 91.8% of cases. 4, 7 However, these data are variable according to different publications 5, 6 and are dependent upon the learning curve of the observer. Among the main pitfalls of FNA, mucoepidermoid carcinoma may be missed or misinterpreted as pleomorphic adenoma or squamous cell carcinoma. 8, 9 Adenoid cystic carcinoma may share features with those observed in pleomorphic adenoma and mammary analogue secretory carcinoma (MASC) or may be misinterpreted as acinic cell carcinoma or mucoepidermoid carcinoma. 10, 11 Recent advances in molecular pathology show that fluorescent in-situ hybridisation (FISH) can identify some molecular diagnostic signatures. 12 For example, approximately 50%-60% of pleomorphic adenomas display a PLAG1-gene rearrangement. [12] [13] [14] [15] As pleomorphic adenomas are the most frequent tumours in the parotid gland (59%), detection of a PLAG1 rearrangement using FNA cytology would aid diagnoses of these benign tumours. The MECT1/MAML2 gene fusion is caused by a t (11, 19) translocation, and can be identified in 35%-65% of mucoepidermoid carcinomas. It is associated with lower histological grades and improved survival. [16] [17] [18] Mucoepidermoid carcinomas are the most common primary salivary gland malignancy in both adults and children, and evidence of fusion of these genes can confirm a diagnosis. 1 According to literature, the MYB-NFIB fusion transcript is present in 30%-90% of adenoid cystic carcinomas, [19] [20] [21] which are the most frequent form of submandibular gland malignancy. 1 The ETV6-NTRK3 translocation defines MASC as this translocation is found in 90%-100% of cases. 22, 23 MASC is a new entity that frequently mimics acinar-cell carcinoma or pleomorphic adenoma. 24 Although rare, this tumour is mostly observed in children and young adults, and thus could be assessed for ETV6 rearrangements.
Herein, our experiences are reported with FISH performed on smears from a series of salivary gland tumours and the use of probes to search for PLAG1, MYB1 and ETV6 rearrangements, and MECT1/ MAML2 gene fusion. To choose the best area on the slide, direct examination of the unstained slide was performed on samples taken from patients no.
| MATERIALS AND METHODS

| Cytology
1-23 at the beginning of the study. Later, because of difficulties encountered in avoiding stromal areas (which caused strong background staining), a RAL 555 kit was used (RAL diagnostics, Martillac, France) to lightly stain the cells (ie samples from patients no.
24-32).
Briefly, the slides were methanol-fixed for 5 s, stained only with methylene blue for 5 s, and then immediately rinsed in tap water. 25 Direct examination under a microscope enabled us to choose an area with individual, non-overlapping cells devoid of a matrix. In two cases (ie patients no. 33 and no. 34), FISH was performed on Papanicolaou-and MGG-stained slides, respectively, because not enough material was available. 26, 27 In these two cases, the stained slides were unmounted and left in acetone for a few hours.
| FISH probes
Four different probes were used in this study. The probes used to detect a PLAG1 rearrangement, a MYB rearrangement or the MECT1/MAML2 gene fusion were synthesised in the haematological laboratory (Pr Si e) at our institution (IUCT-Oncopole) ( The probes were also tested on positive controls (tissues from salivary glands tumours with gene rearrangements), as follows.
• A MYB positive control, with t(X;6)(p11;q23) /GATA1-MYB gene fusion.
• PLAG1 rearrangement: histological section of salivary gland pleomorphic adenoma.
• MECT1 /MAML2 gene fusion: histological section of salivary gland mucoepidermoid carcinoma.
PLAG1 and MYB probes were break-apart probes; the MECT1/ MAML2 probes were dual-fusion probes.
The ETV6 probes from Dako, Glostrup, Denmark (break-apart probes) were used to detect rearrangements of the ETV6 gene in MASC.
| FISH process
The slides were fixed in a methanol-acetic-acid solution areas of the slides and the slides were placed on a hybridiser for 5 min at 82°C, followed by 18 h at 37°C. The following day, the slides were were visualised and cells were counted using Panoramic viewer software (3DHisTech). As previously described, a cut-off value of 10%
of cells with a gene rearrangement was used for the interpretation. 13 
| Statistical analyses
Sensitivity and specificity were calculated for the FNA cytology using the postoperative histological diagnosis as the gold standard. If the histological assessment resulted in a diagnosis of malignancy, it was classified as a positive result, whereas a benign or non-neoplastic lesion was considered negative. 28 Similarly, sensitivity and specificity of FISH analyses were calculated for patients with a histological diagnosis (or with a cytological diagnosis when a histological diagnosis was unknown). The sensitivity and specificity were calculated as follows: Combined sensitivity and specificity of the cytological diagnosis and FISH analyses were also calculated. We thus considered that cytological diagnosis and FISH analysis are two tests applied "in parallel" so that a positive result from either test resulted in the overall result being classified as positive. 29 The combined sensitivity and specificity of the cytological diagnosis and the FISH analyses were calculated as follows:
Combined sensitivity of cytological diagnosis and FISH analyses ¼ sensitivity of cytological diagnosis þ sensitivity of FISH analysis À ðsensitivity of cytological diagnosis Â sensitivity of FISH analysisÞ;
Combined specificity of the cytological diagnosis and FISH analyses ¼ specificity of the cytological diagnosis A PLAG1 rearrangement was observed in 12 patients. Interestingly, as has been previously described, a PLAG1 rearrangement was observed in one case of carcinoma ex-pleomorphic adenoma (patient no. 12), which was diagnosed by the histological analysis. 13, 20, 30, 31 Cytological re-examination of the slides from this patient confirmed the absence of characteristics of carcinoma on the cytological slides, which contained only pleomorphic adenoma features. This, thus, resulted in a false-negative result. Overall, FISH performed on cytological smears had a sensitivity of 66.7% and a specificity of 100%. In the present study, FNA cytology showed a sensitivity of 80% and a specificity of 94.1% which are both concordant with previous studies. 7, 28, 33, 34 The combined sensitivity and the combined specificity for cytological diagnoses and FISH analyses were 93.3% and 94.1%, respectively. Some cases of pleomorphic adenoma can be challenging to diagnose when myoepithelial cells are predominant, and chondromyxoid stroma is lacking. 39 In these cases, the presence of a PLAG1-gene rearrangement indicates a pleomorphic adenoma. In addition, rearrangements of HMGA2 have also been described in pleomorphic adenoma and carcinoma ex-pleomorphic adenoma. 13, 40 As this rearrangement is found in only 10% of pleomorphic adenomas, we decided to not search for this rearrangement, which is less frequent than the PLAG1 rearrangement. MASC is a newly recognised tumour that can mimic acinic-cell carcinoma. 22 Positive staining with Mammaglobin and pS100 can suggest this diagnosis. 44 Indeed, rearrangement of the ETV6 gene is specific to MASC. In our series, one case (#20) was correctly diagnosed by cytology, and the ETV6 rearrangement was present.
| DISCUSSION
Another case (no. 19) was misdiagnosed as a myoepithelial tumour by cytology: FISH was not performed (because the slides used for this diagnosis were unavailable in our laboratory) but was positive in histology.
In conclusion, FISH is a useful tool to characterise some frequently observed salivary gland tumours, directly on cytological smears. However, this only applies to positive results as a negative result cannot be used to exclude a specific diagnosis. In addition, the combined sensitivity of FISH analysis and FNA cytology is greater (93.3%) than the sensitivity of FISH (66.7%) or FNA cytology (80%) alone, suggesting that FISH analysis combined with FNA cytology could improve the diagnosis of salivary gland tumours.
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